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[57] ABSTRACT 

The present invention is directed to a torque control 
with overspeed regulation and a method of controlling 
a hydrostatic drive for use in an auxiliary wheel drive of 
a vehicle which has both primary driven wheels and 
auxiliary driven wheels. The torque control permits 
maximum torque drive of the auxiliary wheels when the 
primary driven wheels slip but yet prevents overspeed 
operation of the auxiliary wheels. Preferably the torque 
control with overspeed regulation has both an aggres- 
sive control and a sensitivity control so that the auxil- 
iary wheel drive can be selectively modulated with 
respect to the primary wheel drive. 

16 Claims, 3 Drawing Figures 
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ever the auxiliary driven wheels are rotating substan- 
TORQUE-CONTROL WITH OVERSPEED tially faster than the primary driven wheels. This type 

REGULATION AND METHOD OF CONTROLLING of torque control of the hydrostatic drive, in conjunc- 
A HYDROSTATIC DRIVE tkm with speed ratio control, permits mflTtmum drive of 

5 the auxiliary wheels whenever the primary wheels have 
The present invention is directed to a hydrostatic lost traction to the degree that induces substantial spin- 
transmission auxiliary wheel drive and more particu- ning but prevents high speed spinning of the auxiliary 
larly to a torque control system which modulates the wheels when they lose traction. This also provides the 
torque produced by the hydrostatic drive up to a "maxi- desirable advantage that approximately 50% of the 
mum torque allowed" setting. This is overriden by a 10 maximum selected torque is delivered to the auxiliary 
speed ratio control whose output is dependent upon the drive wheels when good traction is provided. ' 
speed of the hydrostatically driven wheels relative to Jt ts& ft, rt her object of the present invention to pro- 
the speed of the primary driven wheels. ^de a combined torque control and speed ratio control 

BACKGROUND OF THE INVENTION foran auxiliary hydrostatic drive system which includes 

, . • . „ an operator set aggressive control which determines the 

Motor grader drive systems have been marketed 8peed ratio between ^ ^ driven whec , ^ ^ 

wherein speed sensors are izedto monitor and con- rimar ^ drfwa| wheel at which no further drive to ^ 

tro the speed ratio between the speed of the hydrostati- auxiU driven whecl ^ provided . 

cally dnven front wheels relative to rear wheel speeds u ^ a further object of ^ t ^ ^ 

wherein the fron wheels are driven by a hydrostatic 20 yide ft to md ^ ^ntiol for an 

motor m closed loop connection with a variable dis- auxili h 4 ydrostatic drive ^ ich mcludcs 

P acemen hydrosUtic pump and wherein pump dis- ^ ^ to determine the range of speed over which 

placement is varied m response to the speed ratio to ... , . , . f . . , 

modulate the speed of the front wheel drive. In the ^J^^Jl^ ***** 

primary operational mode, an electronic control is uti- 25 l0 ^ e ^ ran S w zerp torque. - 

Led to modulate the hydrostatic drive so that the front . » 13 of * c P'ff" mvcntKm * 

wheel drive train is driven at a speed slightly less than ^ *f le * ted ™™™™ ^ owa !>! c torque con^ol with 

rear wheel speed. With little or nVslippage of the rear a J"* rat, ° c ? nt J° 1 ** ** dnve 

wheels, an ovcrninning clutch permits the front wheels which permits hy^ostaticoperabon over the full oper- 

to turn at ground speed. However, if the rear wheel 30 anonal range of to hydrostatic transmission, 

slippage is greater than the speed difference between ^°* cr ob J«* of present invention is to provide 

the front drive train and the rear wheels, the overrun- 30 prostatic dnve for a vehicle which is 

ning clutches engage to turn the front wheels at the ™*™ ^ pnmary dnVC °. f Vehiclc ■ ba ! 

slower speed. Therefore front wheel slippage is always moved the vehicle to a certain minimal or nominal 

slightly less than rear wheel slippage when the unit is 35 8 P eed - lt * a further o b J cct of the present invention to 

operating in the primary operational mode. provide a torque control with speed ratio control for an 

This system has a second mode of operation referred auxiliary wheel drive which will operate in the reverse 

to as an "aggressive" mode wherein the electronic con- direction of travel. 

trol is utilized to drive the front wheels at a slightly li 13 another object of the present invention to pro- 
greater speed than the rear wheels. This aggressive 40 vide a throttle switch with a torque controlled auxiliary 
mode of operation is used primarily to improve steering hydrostatic drive so that the torque of the auxiliary 
control when the grader is in lower speed drive ranges. dri ve drops to minimum when the throttle is at idle 
Overninning capability of the hydrostatic motors is position. 

used to reduce torque interferences between the front lt » also an object of the present invention to provide 

wheel drive and the main transmission drive. In this 45 a torque control hydrostatic drive with overspeed regu- 

system the aggressive control should not be used where Nation for a vehicle having a first driven wheel and a 

tractive conditions are good such as on dry hard sur- second wheel driven independently of the first driven 

faces since it will result in loss of performance and effi- wheel, the drive train for such second wheel including 

ciency. a vehicle prime mover and a hydrostatic transmission 

50 comprising a variable displacement pump driven by the 

SUMMARY OF THE INVENTION prime mover, a motor drivingly connected to the sec- 

The present invention is directed to a torque control ond wheel, and a hydrostatic line interconnecting the 
system which is utilized in conjunction with the speed pump and the motor in a manner that the motor is 
ratio control system to modulate an auxiliary hydro- driven by the pump, the torque control characterized 
static drive to an auxiliary driven wheel of a vehicle 55 by; torque sensing means responsive to the torque trans- 
relative to the drive of a main driven wheel of a vehicle. mitted by the hydrostatic transmission to provide a 
The torque controlled hydrostatic drive with overspeed torque signal, torque responsive means having an out- 
regulation is easy to set up and adaptive to current load put operatively connected to the pump for modulating 
conditions, and normal load sharing between the auxii- the displacement of the pump in response to the torque 
iary wheel drive and the main wheel drive is easily 60 signal, speed ratio sensing means comprising a first 
modulated by the operator. speed sensor responsive to the RPM of the first wheel to 

It is an object of the present invention to provide a provide a first speed signal, a second speed sensor re- 
control for hydrostatic auxiliary driven wheels wherein sponsive to the RPM of the second wheel to provide a 
the drive to the auxiliary wheels is at maximum selected second speed signal, comparator means for comparing 
torque whenever the auxiliary driven wheels are rotat- 65 the first and second speed signals to generate a speed 
ing at a substantially slower speed than the primary ratio signal proportional to the ratio of RPM's of the 
driven wheels. Conversely, the hydrostatic drive to the first and second wheels, and transducer means receiving 
auxiliary wheels is reduced to low torque values when- the speed ratio signal and connected to the torque re- 
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sponsive means to modify the torque responsive means drive shaft speed sensing units provide variable fre- 
output in response to the speed ratio signal. quency signals which are proportional to the rational 
A still further object of the present invention is to speed of the two drive shafts 26 and 40 to the electric 
provide a method of controlling the auxiliary hydro- speed ratio control 50 via electric lines 52 and 54. Con- 
static drive to a vehicle having primary driven wheels 5 trol 50 will be described later in greater detail in con- 
and auxiliary hydrostatically driven wheels comprising: junction with FIG. 2. 

sensing the pressure differential in the hydrostatic trans- The speed ratio control 50 generates an output volt- 
mission to provide a torque signal proportional to the age referred to as a speed ratio signal which is provided 

. .torque transmitted by the hydrostatic transmission and to a "maximum torque setting" control 56 via line 58. 
applying the torque signal to means controlling the 10 The maximum torque setting control 56 acts as a volt- 
displacement of a variable displacement pump in the age divider and provides a voltage signal through lines 
hydrostatic transmission, generating a speed ratio volt- 60 and 61 and F-N-R (forward/neutral/reverse) switch 

. age signal proportional to the speed differential be- 62 to an electro-hydraulic transducer 64. The output of 

tween the auxiliary driven wheels and the primary transducer 64 is then applied to a torque responsive 

( driven wheels wherein the speed ratio signal is maxi- 13 servo control 66 to modify its normal torque sensing 
mum when the auxiliary-to-primary speed ratio is less control function to vary the displacement of pump 30. 
than 1 and the speed ratio signal decreases to zero at a The electro-hydraulic control 64 and the torque respon- 
selected auxiliary-to-primary speed ratio greater than 1, sive servo control 66 are commercially available and 
and converting the speed ratio signal into a hydrostatic both shown in greater detail in FIG. 2. In order to 
signal which modulates the displacement of the variable 20 provide a torque signal responsive to the hydrostatic 
displacement pump in addition to the displacement transmission torque output, the servo control 66 is con- 
previously selected by. the torque sensing signal. nected by fluid pressure lines represented by dotted 

• BRIEF DESCRIPTION OF THE DRAWINGS Scf„« 3^°^ ITT*' 0 * 

static lines 36 and 38 to sense the pressure differential in 

. . 4 : FIG. 1 is a schematic diagram teaching the torque 25 the main loop and thus the torque output of the hydro- 
control hydrostatic drive with overspeed regulation of static transmission. 

the present invention as applied to a road grader, , Referring now to FIG. 2, the electric speed ratio 

FIG. 2 is a schematic diagram (with some parts in control 50, the electro-hydraulic control 64, and the 

cross-section) showing the electro-hydraulic control. torque responsive servo control 66 are shown in greater 

circuit of the present invention. 30 detail. The speed responsive variable frequency signals 

FIG. 3 is a graph representing torque output of the from pulse pick-up units 46 and 48 are supplied to fre- 

auxiliary hydrostatic drive of the present invention quency-to-voltage converters 72 and 74 respectively 

relative to the speed ratio between front and rear which provide voltage signals proportional to wheel 

wheels. RPM. The voltage signal representing rear drive shaft 

DESCRIPTION OF THF PRPPPPRPn 35 speed * then ^PP 1 *** 1 to a comparator 76 via line 78 
DESCRIPTION OF Tffi PREFERRED where k is compared wilh a reference voltage "Ref." 

liMtJUUiMtiN l supplied by line 80. The reference voltage Ref. repre- 

Reference is now made to FIG. 1 wherein the torque sents a minimal or nominal speed, such as 0.5 mile per 

controlled hydrostatic drive with overspeed regulation hour, which is compared with the voltage representing 

of the present invention is depicted as it would be ap- 40 the rear drive shaft 26 speed. If the rear wheels have not 

plied to a typical road grader 10 having dual axle rear obtained this minimal or nominal speed, there is no 

wheels 12 and 14 and front wheels 16 (each wheel rep- output from comparator 76. The output of comparator 

resenting a pair of wheels, one on each side of the vehi- 76 is supplied by line 82 to a solid state switch 84 which 

cle). The grader rear wheels are driven by a primary is also Supplied by the rear wheel speed voltage signal 

drive comprising a primer mover such as diesel engine 45 by line 86. Switch 84 acts as a low speed lockout and 

20 driving a rear transmission 22 by means of a shaft 24. only conducts the rear wheel speed signal of line 86 

The rear transmission 22 has output shaft 26 which is when comparator 76 indicates that the rear wheels have 

schematically shown by dotted lines as connected to reached nominal speed. The rear wheel speed signal is 

either, but preferrably both, of the rear wheels 12 and 14 ' then supplied by line 88 to the positive tenninal of com- 

so as to provide the primary vehicle drive. Rear trans- 50 parator 90. 

mission 22 need not be of any particular form and may The frequency-to-voltage converter 74 voltage out- 
be a mechanical transmission, a hydrostatic transmis- put represents front wheel or auxiliary drive speed and 
sion, a hydromechanical transmission, or a hydrody- is supplied by a line 92 to ah aggressive control 94 
namic transmission. which selects the maximum speed ratio permitted be- 

The road grader 10 is also provided with an auxiliary 55 tween front and rear wheels and whose operation will 
hydrostatic drive which consists of a variable displace- be described in detail later. The aggressive control con- 
ment pump 30 also driven by engine 20 through shaft sists of a potentiometer with a resistor 96 connected to 
32. A hydrostatic motor 34, of either the fixed or vari- ground by line 98 and a wiper 100. The aggressive 
able displacement type, is connected with the pump 30 control 94 acts as a voltage divider whose output is 
by hydrostatic lines 36 and 38 so as to form a closed 60 connected to the negative terminal of comparator 90 by 
loop hydrostatic circuit. Motor 34 is provided with an line 102. The comparator 90 is utilized to provide a 
output shaft 40 which is shown connected (by dotted voltage output signal proportional to the ratio between 
line) to front wheels 16 so that the auxiliary hydrostatic the rear wheel speed signal when conducted by switch 
drive may be provided to such front wheels. 84 and the front wheel speed signal as modified by the 

Both the rear wheel drive shaft 26 and the front 65 aggressive control 94. 
wheel drive shaft 40 are provided with electronic speed In parallel with the comparator 90 is a sensitivity 
sensing units typically consisting of spur gears 42 and 44 control 104 which consists of a potentiometer compris- 
and pulse pick-up units 46 and 48. The front and rear ing resistor 106 and wiper 108 connected to line 102 by 
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line 110. The sensitivity control 104 controls the rate of forms a flapper 162 for the pilot valve 64B. The pilot 

change of the torque control signal as will be described valve 64B also includes two nozzles 164 and 166 both 

later in greater detail relative to the graph of FIG. 3. , supplied with a pressurized control fluid from a com- 

The proportional output of comparator 90 then mon pressure source represented by PS. The position of 
passes through line 112 and dropping resistor 114, if 5 flapper 162 relative to nozzles 164 and 166 will modu- 
necessary, to the maximum torque setting control 56. late flow through the nozzles to establish a pressure 
This output from control 50 is referred to as the speed differential in pilot valve chambers 168 and 170 defined 
ratio signal will typically vary from 0 volts to 10 volts by nozzles 164 and 166 and their respectively associated 
dependent upon the speed ratio of front to rear wheel restricted orifices 172 and 174. 
speeds as sensed by comparator 90. The speed ratio 10 The torque responsive servo control 66 is quite stan- 
signal will reach its maximum value when the rear dard and consists of a spring centered vaJve spool 176 
wheels, due to slippage, are driven at a significantly whose axial position is determined by a pressure differ- 
higher speed than the front wheels. This increases the ential acting on each end of the spool 176. This pressure 
torque transmitted to the front wheels by the auxiliary differential is provided by the lines 68 and 70 connect- 
hydrostatic drive. When slippage is incurred by the 15 ing the torque responsive servo control 66 with hydro- 
front wheels to the point that the front wheels are rotat- static lines 36 and 38 of the closed loop of the hydro- 
ing at a significantly higher speed than the rear wheels, static transmission as seen in FIG. 1. The pressure dif- 
the output from the control circuit will be reduced to ferential across the closed loop represents the torque 
zero volts (at that speed ratio selected by the aggressive output of the transmission which is used to modulate the 
control 94) to prevent further drive of the front wheels. .20 axial position of the valve spool. The torque responsive 

Optionally the line 58 connecting the output of the servo control 66 is also provided with control fluid 
speed ratio control 50 with the maximum torque setting from the common pressure source PS. The axial posi- 
control 56 may be provided with two switches 116 and tion of the valve spool 176 modulates the flow of con- 
118. The switch 116 is a manually controlled ON/OFF trol fluid from the pressure source to servo lines 178 and 
switch whereby the vehicle operator may selectively 25 180. Whichever line 178 or 180 that is not in communi- 
disconnect the auxiliary hydrostatic front wheel drive cation with the pressure source PS is in communication 
as may be desired for a high speed or travel range of with one of two drain lines 182 and 184. 
operation of the vehicle. The switch 118 is a throttle The axial position of the valve spool 176 is further 
control switch which is connected to throttle 120 in a modulated by the differential pressure output of pilot 
manner that when the throttle 120 is in an idle position, 30 valve 64B. Pilot valve chambers 168 and 170 are con- 
switch 118 is open to disconnect the speed ratio control nected to chambers 186 and 188 of the torque respon- 
from the system. This prevents any auxiliary front sive servo valve 66 by lines 190 and 192. Since the pres- 
wheel drive when the engine 20 is at idle, sure differential across the transmission closed loop is 

The maximum torque setting control 56 comprises a substantially greater than the pressure differential signal 

potentiometer consisting of a resistor 122 connected to 35 generated by the electro-hydraulic transducer 64, the 

ground by line 124 and a wiper 126. The maximum pressures in chambers 186 and 188 act on larger areas of 

torque setting control 56 acts as a voltage divider and is the valve spool 176 than the pressures from lines 68 and 

set by the vehicle operator to modify the speed ratio 70. The pressure differential established in the chambers 

signal in a manner that limits the maximum voltage that 186 and 188 will further modulate the position of the 

can be sent to the electro-hydraulic transducer 64. The 40 valve spool 176 to also control the amount of control 

torque setting control wiper 126 is connected to termi- fluid which is directed to servo lines 178 and 180. The 

nals 128 and 130 of a double pole-double throw F-N-R servo lines 178 and 180 are connected to servo cylinders 

switch 62 by lines 132 and 134 respectively. Lines 136 194 and 196 to modulate the angular position of the 

and 138 connect terminals 140 and 142 of the F-N-R variable displacement pump swash plate 198 about 

switch to ground line 124. Double poles 144 and 146 of 45 pivot 199. 

the switch 62 are operatively connected to the F-N-R ____ 

handle 148. The poles 144 and 146 are also electrically OPERATION 

connected by lines 60 and 61 to the coil 150 of the elec- The operation of the torque control hydrostatic drive 

tro-hydraulic transducer 64. When the handle 148 is in with overspeed regulation can best be understood when 

the neutral position, there is no electrical connection 50 viewing the system output as represented by the graph 

across switch 62 so that there is no voltage across the of FIG. 3 while reviewing the various control elements 

coil 150. When the handle 148 is in the forward or re^ of the schematic of FIG. 2. The ordinate of the graph of 

verse positions, the poles 144 and 146 contact either the FIG. 3 represents the amount of torque supplied to the 

upper or lower terminals so as to impress the voltage auxiliary hydrostatic front wheel drive of the grader 

output of the maximum torque setting control 56 across 55 when utilizing the control system of the present inven- 

the coil 150 in opposite directions. It is noted that the tion. The abscissa of the graph represents the speed 

handle 148 not only reverses the voltage impressed ratio of the front wheels to the rear wheels as measured 

across the coil 150, but also reverses the operation of the by the pulse pick-up units 48 and 46 of the front drive 

rear wheel transmission 22. shaft and rear drive shaft tachometers and before modi- 

The electro-hydraulic transducer 64 includes an elec- 60 fication by the various elements of the control system, 
trie force motor 64A and a nozzle/flapper pilot valve As explained above, the output of the speed ratio 
64B. The electric force motor 64A consists of two mag- control 50 will reach maximum value (for example, 10 
netic poles 152 and 154 and an armature 156 biased to a volts) when the rear wheels are rotating substantially 
center or null position by adjustable spring 158. The faster than the front wheels such as caused by rear 
direction and amount of the voltage impressed across 65 wheel slippage or upon the start of auxiliary drive, 
coil 150 surrounding armature 156 will determine the During operation under this condition, the voltage out- 
direction and amount of pivotal movement of armature put of the electric control system will be solely deter- 
156 about pivot 160. The lower end of armature 156 rnined by the maximum torque setting control 56 which 
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is a voltage divider. When the potentiometer wiper 126 is desirable to always maintain the zero torque output 

is in its upper position, this voltage divider will have its point above a 100% or unity speed ratio, 

maximum output to provide a maximum 100% torque The slope of line 208 and 210 is controlled by the 

setting as represented by the horizontal line 200 in the position of the wiper 108 relative to the resistance 106 of 

graph of FIG. 3. This maximum torque setting can be 5 the potentiometer of the sensitivity control 104. The 

manually selected by the operator to provide the de- sensitivity control 104 setting, normally set at the fac- 

sired auxiliary hydrostatic front wheel drive in accor- tory, controls the speed ratio range over which the 

dance with the conditions of vehicle operation. By man- output of control 50 drops from maximum to zero. For 

ually moving the wiper 126 across the potentiometer, both lines 208 and 210, this occurs over a 10% speed 

other maximum selected torque settings can be obtained 10 ratio range, i.e. from 95% setting for maximum output 

with a 60% maximum torque setting also being illus- to 105% setting for from minimum output. It is noted 

trated in the graph of FIG. 3 by line 202. As long as tnat in toe example illustrated by lines 208 and 210 that 

minimum speed (for example 0.5 mile per hour) has this 10% ran 6 e » centered about the 100% speed ratio, 

been obtained by the primary drive of the rear wheels, Tnus when the speed ratio between the front wheels 

thus providing an output from comparator 76 as ex- 15 th e rear wheels is unity or 100%, the output as 

plained above, and the rear wheels 12 and 14 are rotat- represented by the lines 208 and 210 is 50% of the maxi- 

ing substantially faster than the front wheels 16, the mum tor ^ ue setting as determined by the maximum 

voltage output to the electro-hydraulic transducer will tor ^ u f ^ tUn S control 56. By changing the setting of the 

be that maximum selected by the maximum torque set- „ n "nativity control 104, and taking the 60% maximum 

ting control 56. This maximum voltage of 10 volts (6 20 torque example, the range of torque output drop is 

volts if maximum at 60%) will cause the electro- c ^f* as represented by the dotted line 216. It is 

hydraulic transducer 64 to generate a pressure differen- not ^ X J the as f es f lve . ***** 

rial between chambers 186 and 188 of the torque respon- raodi / le * th fL zero out P ut P omt ? 12 18 stm at «* l05 ^ 

sive servo control 66. This in turn strokes the swash „ speed ratio. However, since theslope is now more grad- 

plate 198 as modulated by the torque feedback in torque 23 

signal lines 68 and 70. It is noted that the auxiliary drive ^^J^^^J^ 2C & 

j . l i i- ■ • v •* j u occurs over a 15% range rather than a 10% range. Thus 

during excessive rear wheel slipping » limited by Oie 50% ofthe maximmD * by control 

maximum , torque capabilities ofthe transmission (or ^the 56 nQW a< 97 . 5% s rather ^ an 100% . j Me this 

setting of maximum torque aUowable control 56 if M illustrated le is for a m!aim}lm tor ^ of 

lower than transmission capability) and is not set by a M% ^ ^ wouM te ^ for m ^ mm to * ue 

given speed ratio setting. settng as selected by the maximum torque setting con- 
As rear wheel slippage is reduced and thus the speed tro j 
ratio between the front and rear wheels is increased so By modu i atm g both the sensitivity control 104 which 
as to approach unity, or 100%, the voltage output of 35 ^ nonnaUy factory set and th e aggressive control 94 
speed ratio circuit 50 will be gradually reduced. In the which ^ ^ oy the vehicle operator, ^ particular 
two solid line examples illustrated in the graph of FIG. operation curve can be obtained. The height of any 
3, such reduction begins to occur at 95% speed ratio gj ven operating curve is obtained by the manual vehicle 
represented by points 204 and 206 of the graph. The operator setting ofthe maximum torque setting control 
droppage in voltage output of speed ratio control 50 to 40 55 ^ explained above. 

the maximum torque setting control 56 drops from max- A j so ^ pointed out above, when describing the struc- 

imum output to a minimum output of zero volts and ture 0 f the control circuit, there are various other func- 

thus provides a torque setting output as represented by wn ich modify the operation of the control The 

graph lines 208 and 210 dependent upon whether the comparator 76 and the solid state switch 84 are utilized 

maximum torque setting control 56 is set at 100% or 45 t0 provide a low speed lockout which prevents opera- 

60%. tion of the auxiliary front wheel drive until a certain 

By adjusting the settings of the sensitivity control 104 minimum speed is obtained by the primary drive to the 

and the aggressive control 94 of the electric control 50, rear wheels. Furthermore due to switch 118 operated 

the slope and position of the control output may be by the throttle 120, torque is not provided to the front 

modified. The aggressive control 94 is used by the vehi- 50 wheels when the throttle 120, and thus the engine or 

cle operator to modify the point on the speed ratio prune mover, is at idle. There is also operator manual 

abscissa where the torque setting output reaches zero. selection ofthe auxiliary drive function through raanu- 

Increasing the resistance of the potentiometer 96 by ally operated switch 116. Normally such manual selec- 

moving the wiper 100 toward the right decreases the tion to eliminate the auxiliary drive is utilized when the 

voltage input to the negative terminal of the comparator 55 vehicle is put into the transport mode or high speed 

90. Because a lesser proportion of the front wheel speed mode of operation. It is furthermore noted that due to 

signal is compared with 100% of the rear wheel speed the F-N-R switch 62 that the voltage output from the 

signal at comparator 90, the speed ratio at which output maximum torque selected control 56 may be reversed so 

voltage drops is increased, thus shifting the zero output that the current through the coil 150 of the electric 

point to a higher speed ratio. For the solid line example 60 force motor 64A is reversed for the utilization of the 

illustrated by line 208 in the graph, this zero torque auxiliary hydrostatic drive in reverse operation of the 

output point 212 occurs at a speed ratio of 105%. By vehicle. 

increasing the aggressive control 94 setting the relative It is thus seen by the above detailed description of 

speed ratio as sensed by the comparator 90 is increased both the structure ofthe preferred embodiment and the 

to shift the zero torque output point to 1 10%. The new 65 operation thereof, that a primary torque control of a 

output curve is represented by dotted line 214. Since the hydrostatic auxiliary drive is provided wherein torque 

aggressive control 94 is a potentiometer, the operative is controlled by the maximum torque setting control 56 

speed ratio range may be Shifted either direction, but it and wherein such maximum torque is further controlled 
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by a speed ratio control system which prevents over- 3. The torque control with overspeed regulation for 

speed operation of the auxiliary drive. The control the hydrostatic drive of the vehicle of claim 2 wherein 

curves of the overspeed regulation may be further mod- the speed ratio signal generated by said comparator is a 

ifted by either the aggressive control 94 and the sensitiv- voltage signal, said maximum torque setting control 

ity control 104 to provide the desired operation of the 5 means consists of a variable resistance voltage divider 

vehicle. Since the primary control of the hydrostatic adapted to be adjusted by the vehicle operator to a 

transmission operation is modulated by torque sensing, selected percentage of said resistance* and said maxi- 

slippage of the auxiliary driven wheels will reduce the m um torque setting control provide a voltage output to 

pressure differential across the main closed loop of the said transducer which is such selected percentage of 

transmission and thus reduce the pressure differential 10 said spe ed ratio voltage signal, 

applied across the valve spool 176 as applied by fluid 4. jh e torque control with overspeed regulation for 

pressure lines 68 and 70. This decrease in pressure dif- the hydrostatic drive of the vehicle of claim 1 including 

ferential would normally increase the pump swash plate sensitivity control means associated with said speed 

angle. However, the increasing speed ratio of the front ^ sensing means for selectively controlling the speed 

wheels relative to the rear wheels would reduce the 13 rat i 0 range over wn i cn comparator provides a 

voltage to coil 150 and equilibrium would be reached decreasing speed ratio signal. 

and some low torque produced at 104% speed ratio 5. fhe torque control with overspeed regulation for 

(slightly less than the 105% speed ratio where torque ^ hydr05rtatic drive of the vehicle of claim 4 wherein 

reaches zero in the solid line example ^ven in the graph said sensitivity control meaiis is a variable resistance b 

of FIG. 3). It is this overspeed regulation of the primary 20 ^ ^ comparator m a manner which connects 

torque control of the auxiliary drive that greatly re- £T ross ^ resistance said second speed signal with the 

duces the slippage jof the auxiliary driven wheels. QUtput of ^ ^ 

It is thus seen that the P r^ objects of the mven- ^ 0 ed reg ulation for 

tion are fully met by the above described structure to ^ h drosta ^ c drive of >the veh i c l e of claim 1 forther 

provide a torque c^ 25 characteri2ed b aggressive mean s associated 

an auxiliary drive. It is further understood that various .... . . ^ . <w„ ^^*i:, a u, „„„ 

modifications could be made to the preferred embodi- said speed ratio sensing means for selectively con- 

ment described in detail above, and that such modifier «Ei * e o Speed ratto at wmch said comparator pro. 

^ m Z°*t™ ^ * 8Pidt ° f ^ inVenti0D " 30 Tfc^xrt with overspeed regulation for 

We clakn the prostatic drive of the vehicle of claim 6 wherein 

1. Atorquecontrolwithoverspeedregulationforthe ■** aggressive control mesas is a variable resistance 
hydrostatic drive of a vehicle having at least one first connecting said second speed sensor with said compara- 
driven wheel and at least one second wheel driven tor m a manner which selects the proportion of the 
independently of said first driven wheel, the drive train 35 J** 0 ** ***** wmch 18 received b * 8md °° m P m ' 
for said second wheel including a vehicle prime mover tor j ' 

and a hydrostatic transmission comprising a variable »• ™ e torque control with overspeed regulation for 
displacement pump driven by said prime mover, a the hydrostatic drive of the vehicle of claim 1 whereto 
motor drivingly connected to said second wheel, and a said torque responsive comprises a fluid valve for mod- 
hydrostatic line interconnecting said pump and said 40 gating the flow of contro fluid to said variable dis- 
motor in a manner that said motor is driven by said placement pump to control the displacement thereof, 
pump, said torque control characterized by; said torque sensing means comprising means sensing 
torque sensing means responsive to the torque trans- P^sure m said transmission hydrostatic line to gener- 
mitted by said hydrostatic transmission to provide ate said torque signal, and said valve being responsive to 
a torque signal, torque responsive means respon- 45 said torque signal to control the flow of control fluid 
sive to said torque signal and having an output therethrough. t . 
operatively connected to said variable displace- The torque control with overspeed regulation for 
ment pump for modulating the displacement of said the hydrostatic drive of the vehicle of claim 8 wherein 
pump in response to said torque signal, said transducer means generates a pressure signal in 
speed ratio sensing means comprising a first speed 50 response to said speed ratio signal and applies said pres- 
sensor responsive to the RPM of said first wheel to sure signal to said torque responsive valve to further 
provide a first speed signal, a second speed sensor modulate the flow of control fluid through said valve, 
responsive to the RPM of said second wheel to 10- The torque control with overspeed regulation for 
provide a second speed signal, comparator means the hydrostatic drive of the vehicle of claim 1 including 
for comparing said first and second speed signals to 55 low speed lockout means associated with said speed 
generate a speed ratio signal proportional to the ratio sensing means and responsive to said first speed 
ratio of RPM's of said first and second wheels, and signal to prevent the generation of a speed ratio signal 
transducer means receiving said speed ratio signal until said first speed sensor establishes that said first 
and connected to said torque responsive means to wheel has obtained a minimum reference value, 
modify said torque responsive means output in 60 11. The torque control with overspeed regulation for 
response to said speed ratio signal. the hydrostatic drive of the vehicle of claim 1 including 

2. The torque control with overspeed regulation for throttle responsive switch means associated with a 
the hydrostatic drive of the vehicle of claim 1 further throttle for said vehicle prime mover and interposed 
characterized by maximum torque setting control between said speed ratio sensing means, and said trans- 
means adapted to receive said speed ratio signal, said 65 ducer means, said throttle responsive switch being open 
maximum torque setting control means limiting the when said throttle is in an idle position to prevent said 
maximum value of said speed ratio signal prior to recep- speed ratio signal from operating said transducer when 
tion of such signal by said transducer. said throttle sets said prime mover for idle operation. 
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12. A torque control with overspeed regulation for a 
vehicle auxiliary hydrostatic drive, said vehicle having 
a first pair of primary driven wheels and a second pair 
of auxiliary driven wheels driven independently of said, 
first wheels, the drive train for said second pair of 
wheels including a vehicle prime mover and a hydro- 
static transmission comprising a variable displacement 
pump driven by said prime mover, a motor drivingly 
^connected to said second pair of wheels, and first and 
second hydrostatic lines interconnecting said pump and 
motor in a closed loop in a manner that said motor is 
hydrostatically driven by said pump, said torque con- 
trol characterized by: 

torque sensing means responsive to the pressure dif- 


12 


10 


from said electro-hydraulic output signal to said 
valve in a manner which permits said pressure 
differential signal to bias said valve to further mod- 
ulate flow through said valve in addition to the 
modulation caused by the torque signal to provide 
a torque control with overspeed regulation for said 
hydrostatic transmission. 
13. A method of controlling an auxiliary hydrostatic 
drive to a vehicle having primary driven wheels and 
auxiliary wheels driven by a hydrostatic transmission 
including a variable displacement pump, said vehicle 
having first and. second speed signal sensors providing 
first and second speed signals proportional to the speed 
of said primary driven wheels and said auxiliary driven 


ferential in first and second hydrostatic lines to 15 wheels, said hydrostatic transmission having pressure 


generate a torque signal representative of the 
torque transmitted by said hydrostatic transmis- 
sion, torque responsive means including valve 
means and responsive to said torque signal to mod- 
ulate flow of control fluid through said valve, a 20 
hydrostatic servo mechanism operatively- 'con- 
nected to said pump and responsive to the flow of 
control fluid through said valve to modulate the 
displacement of said pump, 
speed ratio control means comprising first and second 25 
speed sensing means responsive to the RPM of said 
first and second pairs of wheels to generate first 
and second speed signals, comparator means for 
comparing said first and second speed signals to 
generate a speed ratio signal proportional to the 30 
RPM ratio of said auxiliary driven second pair of 
wheels to said primary driven first pair of wheels, 
aggressive control means associated with said speed 
ratio control to selectively modify the speed ratio 
signal of the comparator in a manner that the vehi- 35 
cle operator can modulate the desired speed ratio 
between the auxiliary drive to said second pair of 
wheels and the primary drive to said first pair of 
wheels, 

adjustable maximum torque allowed control means 40 
adapted to receive said speed ratio signal and limit 
the maximum strength of the speed ratio signal, ■ 

an electro-hydraulic transducer which converts said 
speed ratio signal as modified by said maximum 


differentia] sensing means, said method compromising: 

(a) sensing a pressure differential in said hydrostatic 
transmission to provide a torque signal propor- 
tional to the torque transmitted by said hydrostatic 
transmission, and applying said torque signal to 
means controlling the displacement of a variable 
displacement pump in said hydrostatic transmis- 
sion, 

(b) comparing said first and second speed signals and 
generating a speed ratio signal proportional to the 
speed differentia] between said auxiliary driven 
wheels and said primary driven wheels wherein 
said speed ratio signal is maximum when the auxili- 
ary-to-primary speed ratio is less than 1 and the 
speed ratio signal decreases to zero at a selected 
auxiliary-to-primary speed ratio greater than 1, 

(c) converting said speed ratio signal into a hydro- 
static signal, and modulating the displacement of 
said variable displacement pump with said hydro- 
static signal in addition to said displacement previ- 
ously selected by said torque sensing signal. 

14. The method of claim 13 further including modify- 
ing said speed ratio signal in a manner which limits the 
maximum speed ratio signal permitted. 

15. The method of claim 13 including selectively 
modifying the speed ratio signal so as to determine the 
speed ratio where the speed ratio signal reaches zero. 

16. The method of claim 13 including varying the 
speed ratio signal in a manner which changes the range 


torque allowed control into a pressure differential 45 over which said speed ratio signal decreases from maxi- 
output signal, fluid communication means for con- mum to zero, 
ducting said pressure differential output signal * * * * • 


50 
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